This study was designed to evaluate the efficacy and safety of a novel free polyaggregated amphotericin B (FPA) formulation used to treat experimental canine leishmaniosis (CanL) caused by Leishmania infantum. Eight healthy beagles were intravenously challenged with 5 × 10 7 promastigotes per mL of L. infantum. One year after infection, they received an intravenous dose of FPA (5 mg/kg) every 2 weeks three times. Dogs were assessed monthly for clinical signs, serology, and parasite detection during a followup period of 6 months. Transient adverse effects (i.e., hypotension, diarrhea, bodyweight loss, fever, and asthenia) were observed within 24-48 hours after treatment in 4 animals. In three dogs mean clinical signs scores were reduced. Antibody titers measured by immunofluorescence antibody test (IFAT) had significantly diminished at the end of the study, although according to bone marrow smears and cultures a high percentage of dogs tested positive for the parasite at 6 months posttreatment (PT6). Real-time quantitative PCR (rtQ-PCR) on blood, bone marrow, and urine samples revealed the presence of parasitic DNA in all animals at PT6, although blood loads of the parasite were reduced. These findings indicate that FPA at the dosing regimen used did not achieve clinical or parasitological cure in dogs experimentally infected with L. infantum.
Introduction
Canine leishmaniosis (CanL) is a serious zoonotic disease caused by protozoa of the genus Leishmania (Kinetoplastida, Trypanosomatidae). The disease is endemic in many countries worldwide, including the Mediterranean basin, Portugal, South Africa, and Latin America [1] , and is of major veterinary and public health concern since domestic dogs are the main reservoir of Leishmania infantum [2] . Infected female sand flies of the genus Phlebotomus (Diptera, Psychodidae) are the biological vectors for L. infantum in Europe. These hematophagous insects transmit the disease by inoculating metacyclic promastigotes in the skin of vertebrate hosts [3] .
In dogs, the incubation period of the disease may last from 3 months to several years [4] . Importantly, in areas where the disease is endemic, a large number of infected dogs do not develop clinical signs or clinicopathological abnormalities and are referred to as clinically healthy infected dogs [1] ; however, they remain infective to sand flies. CanL is a systemic disease that displays a wide spectrum of clinical signs, such as generalized lymphadenomegaly, weight loss, lethargy, skin lesions, and other less common signs like polyuria/polydypsia, digestive disorders, ocular lesions, and 2 Advances in Pharmaceutics lameness or even neurological and cardiorespiratory abnormalities. Common hematological and biochemical findings include nonregenerative anemia, thrombocytopenia, hypergammaglobulinemia, hypoalbuminemia, a reduced albumin/globulins (A/G) ratio, and proteinuria/renal azotemia in dogs with renal disease [1, [5] [6] [7] . CanL is also associated with a high prevalence of chronic renal insufficiency caused by glomerulonephritis, which, in turn, is the main cause of mortality in dogs [8] .
Despite recent advances in the diagnosis and control of CanL, the clinical management of sick animals is still a challenge for veterinarians and the antileishmania drugs used over decades are still used today. Although therapy often achieves clinical cure, it does not fully eliminate the parasite or prevent relapse [9] , and dogs consequently remain infective to sand flies [10] [11] [12] [13] .
Today, the combination meglumine antimoniate and/or miltefosine plus allopurinol (a leishmaniostatic agent) is considered the most effective first line treatment for CanL [9, 10, 14] . When combined with allopurinol, both drugs have proved to be more effective [10, 15] . Miltefosine is the most used in dogs with renal insufficiency [16] . Many other drugs have also been tested including amphotericin B (AmB) [17, 18] , aminosidine [19, 20] , pentamidine [21] , metronidazole and spiramycin combined [22] , enrofloxacin [23] , marbofloxacin [24] , ketoconazol [9] , and oleyl phosphocholine [25] . More recently, domperidone has been licensed in some European countries as an immunomodulatory drug [26] .
AmB is a polyene macrolide antibiotic derived from the actinomycete Streptomyces nodosus [27] . While traditionally used as an antimycotic, it has also shown activity against protozoal species such as Leishmania and Naegleria [28] . AmB acts by binding primarily to ergosterol in cell membranes, altering their permeability via the formation of aqueous pores permeable to small cations, particularly K + , with the consequence of cell death [29] . AmB is currently the most effective drug for the treatment of human visceral leishmaniosis (VL), and a liposomal AmB formulation is the first line treatment in Europe, United States, and Asia [30, 31] . However, nephrotoxicity caused by renal vasoconstriction and reduced glomerular filtration is the main side effect of AmB and can lead to renal insufficiency, hypokalemia, and elevated blood urea nitrogen (BUN) and serum creatinine [32, 33] . In dogs, its use thus requires close monitoring of renal function during treatment. Other common side effects reported have been nausea, vomiting, fever, tremors, and local periphlebitis [34] .
With the aim of improving the efficiency of AmB deoxycholate (Fungizona) and reducing its toxicity, new formulations have been developed consisting of carrier systems such as lipid emulsions [17] , liposomes [18] , nanoparticles [35] , and microspheres [36] . However, their high production costs, along with the use of AmB deoxycholate as the first line treatment for human VL, have limited their use in veterinary medicine.
AmB desoxycholate diluted in a lipid soya bean oil emulsion for the treatment of dogs naturally infected with CanL [17, 37, 38] has been reported in several studies to show a high initial clinical efficacy, although anorexia, vomiting, and reversible serum creatinine elevation have been observed [17, 37] . This formulation also has the drawback of a complex manufacturing process. In another study [18] , AmB encapsulated in liposomes (Ambisome) was administered to 13 dogs with natural L. infantum infection. However, although clinical cure was rapid, 12 dogs underwent relapse 4-6 months after treatment and all dogs remained infected.
The aggregation state of a drug and particle size play a role in its toxicity, tissue distribution, and efficacy [39] . During aggregation in liquid medium, AmB molecules self-aggregate to form polyaggregates conferring the final product with a particle size far greater than that of the dimers in conventional AmB. Polyaggregated AmB is much less toxic to mammalian cells [40, 41] , as observed both in vitro and in vivo (in a murine model) [42] [43] [44] .
The present study was designed to assess the efficacy and safety of a new cost-effective formulation of AmB, free polyaggregated AmB (FPA), administered intravenously (IV) as three doses (5 mg/kg) separated by two-week intervals to treat experimentally induced CanL.
Material and Methods

Animals.
Eight healthy female intact Beagle dogs (8 months old, body weight 10.5 to 16.6 kg) were housed in indoor kennels. Each dog was dewormed and vaccinated against rabies, canine distemper, hepatitis/adenovirus type 2, leptospirosis, and parvovirus. All dogs were microchipped and assigned a study number [1] [2] [3] [4] [5] [6] [7] [8] . The kennel windows were sprayed with deltamethrin at 25 mg/m 2 and fitted with double antimosquito nets to avoid natural Leishmania infection. The dogs were kept in quarantine for 30 days and had daily access to food pellets and water ad libitum. The study protocol was designed according to international guidelines for the Care and Use of Experimental Animals and Spanish Legislation guidelines (RD 1201/2005) and was approved by the Ethics Committee of the Universidad Complutense de Madrid (Madrid, Spain).
The tolerance and pharmacokinetics of the drug formulation under test were assessed in other two female healthy intact Beagle dogs (4 years old, bodyweight 13.1 and 17 kg). These animals were separately kept in the same conditions as described above. Before experimental infection and drug administration, it was checked that these animals were negative for L. infantum infection by PCR on blood and bone marrow aspirates and an indirect immunofluorescence antibody test (IFAT, see below). Their good clinical condition was also confirmed in a complete hematological and biochemical evaluation.
Parasites and Experimental
Infection. Details of the experimental infection have been described previously [45] . Briefly, dogs were intravenously infected with 5 × 10 7 promastigotes of L. infantum (zymodeme MON-1, strain MCRI/ES/06/BCN-721) per mL in a total volume of 0.5 mL and were followed for 12 months. ( = 9) were performed just before the dogs received each of three doses of FPA every two weeks (treatment Days T1, T2, and T3) and monthly thereafter for 6 months (posttreatment Days PT1, PT2, PT3, PT4, PT5, and PT6). Follow-up sessions consisted of a physical exam and clinicopathological, serological, and parasitological tests. Samples were also collected (blood, bone marrow, and urine) to assess the efficacy and safety of treatment (see below).
Peripheral blood samples (5 mL), obtained by cephalic venipuncture, were distributed into four tubes containing (a) lithium heparin, for biochemical tests, (b) ethylene diamine tetraacetic acid (EDTA) for complete blood counts (CBC), (c) EDTA for rtQ-PCR Leishmania detection, and (d) no additives to determine electrolytes (K + , Na + , and Cl − ) and for antibody testing (IFAT). The blood variables determined were red blood cell count (RBCC), packed cell volume (PCV), white blood cell count (WBCC), and platelet count. The blood biochemical variables measured to assess renal and hepatic function were urea, creatinine, alanine aminotransferase (ALT), alkaline phosphatase (ALP), total plasma protein, A/G ratio, and serum proteins by electrophoresis.
Urine was collected by catheterization for complete urinalysis including urinary protein creatinine ratio (UPC). An aliquot of urine was used for DNA extraction and quantification.
Bone marrow aspirates (0.5 mL) were obtained from the fifth-sixth costocondral junction for cytological examination and culture onto NNN medium. An aliquot was stored in buffer NET 10 (NaCl 10 mM, EDTA 10 mM, and Tris 10 mM) at −20 ∘ C for DNA extraction.
Healthy Dogs.
Blood and urine samples collected from the two female healthy beagles before and after the administration of a single dose of FPA served as controls and were used for the pharmacokinetics study. [46] . Briefly, 50 mg of AmB (supplied by Azelis, Spain) was dispersed in 5 mL of an aqueous solution containing 41 mg of sodium deoxycholate (Fluka Chemie A.G., Buchs, Switzerland), 10 mg of dibasic sodium phosphate, and 0.9 mg of monobasic sodium phosphate (Panreac S.A., Barcelona, Spain). Once the drug was homogeneously dispersed, deionised water was added to the resulting mixture up to a final volume of 10 mL, obtaining a final concentration of 5 mg/mL.
Drug Administration.
The three 5 mg/kg doses of FPA given at two-week intervals were administered intravenously by slow perfusion for 10 minutes in an approximate total volume of 40-60 mL, depending on bodyweight, by the investigator until completing a cumulative dose of 12 mg. Before receiving FPA, dogs were pretreated with physiological saline solution containing 0.9% NaCl (Braun Medical S.A., Madrid, Spain) at a dose of 50 mL/kg IV for 15-20 min to prevent hypokalemia. Prior to administration, FPA (5 mg/mL) was diluted 1 : 1 : 2 in 5% glucose (Braun Medical S.A., Madrid, Spain) and 0.9% NaCl, respectively, to give a final concentration 1.25 mg/mL of AmB.
In each dog, consecutive doses were administered via alternating cephalic veins.
The two healthy Beagles used as controls only received a single dose of FPA according to the same procedure.
Assessment of Treatment Efficacy
Clinical Efficacy
(a) Physical Examination. At each time point during the treatment period (T1-T3) and 6-month posttreatment period (PT1-PT6), animals were subjected to a complete physical examination. In this exam, body temperature was recorded and animals were weighed and scored for 23 clinical signs using a categorized scoring system from 0 to 3 (from low to high severity), as described in Table 1 (adapted from Miró et al., [15] ). By adding the points awarded to each variable, an overall monthly clinical score was calculated (maximum possible score = 52). The clinical response to treatment was assessed by examining changes in clinical score over time as score percentage reductions (PR) calculated using the following equation:
is the corresponding day posttreatment.
(b) Clinicopathological Analysis. Each animal was scored for 12 clinicopathological variables (CBC, biochemical profile, electrolytes, urinalysis, and UPC) using a categorized scoring system from 0 to 2 (maximum possible score of 19) ( Table 2) . Percentage reductions in scores over time were also calculated.
Serological Follow
antibodies were detected by IFAT (cut-off 1/100) as described previously [47] on serum dilutions ranging from 1/50 to 1/12800.
Parasitological Follow-Up
(1) Microscopy, Molecular Procedures, and Specific Bone Marrow Culture in NNN. The leishmanicidal efficacy of FPA was assessed by microscopy examination of Leishmania amastigotes in three Giemsa-stained bone marrow aspirate smears and promastigotes in bone marrow cultures grown in NNN medium. Blood, bone marrow aspirates, and urine samples collected before and after treatment were subjected to rtQ-PCR (as described below) at each time point. Stained bone marrow sections were always interpreted by the same operator. Bone marrow aspirates in biphasic NNN cultures [48] were incubated at 27 ∘ C, passaged, and examined weekly under the light microscope over a 4-week period; samples reversing four consecutive negative results were scored as negative [49] .
(2) DNA Extraction. DNA from peripheral whole blood samples (100 L), bone marrow aspirates (100 L), and urine (800 L) was extracted using the QuiAamp DNA Micro Kit [50] (QIAGEN), according to the manufacturer's instructions. The extracted DNA was eluted in sterilized water (70 L) and stored at −20 ∘ C until use. (Bio-Rad Laboratories, Hercules, CA, USA), each primer at a concentration of 900 nM, the probe at a concentration of 200 nM, and 2 L of template DNA. The thermal cycling profile consisted of a hot start at 95 ∘ C for 3 min and 42 cycles of denaturation (95 ∘ C for 10 s) and annealing-extension (60 ∘ C for 30 s). All assays were carried out in duplicate, with negative and positive controls included in each run. rtQ-PCR was performed in a CFX96 Real-Time System (BioRad Laboratories, Inc., Hercules CA, USA). The fluorescent signal increase was recorded during the extension step of the reaction and the data were analysed using CFX Manager Software Version 1.6 (Bio-Rad).
The amount of Leishmania kDNA in the different samples was determined by the absolute quantification method. A 10-fold dilution series of standard DNA from promastigotes (log phase concentration, 1.7 × 10 6 parasites/mL) of L. infantum (zymodeme MON-1) was used to construct a standard curve, and then each dilution was tested in triplicate [51] . The limit of detection of the rtQ-PCR procedure was assessed using a serial dilution from 1.7 × 10 −1 to 1.7 × 10 −8 parasites per reaction. Results are expressed as absolute numbers of parasites present in 1 mL of blood, bone marrow, or urine.
Safety Assessment.
During the course of the study, all adverse events were recorded as the nature of the side effect, time of occurrence, duration, severity, and, if needed, the medical intervention required.
Statistical Analysis.
All data were analyzed using SAS system version 9.2 software. Descriptive statistics were calculated for each set of data (i.e., for each analyte or parameter), including the mean, median, I-III interquartile ranges, standard deviation (SD), minimum and maximum values for quantitative variables, frequencies and percentages for each score class, and other qualitative variables. Since the factors tested before and after treatment were not normally distributed, the nonparametric Wilcoxon signed rank test was used for comparisons between two time points and to explain efficacy criteria. Pretreatment or posttreatment variables were correlated with each other, and degree and significance of correlations were determined through Spearman's rank correlation analysis ( ). Significance was set at = 0.05 (5%).
Results
Baseline Characteristics.
The baseline characteristics of the 8 sick animals before treatment are provided in Table 3 . At the time point T1, the common clinical signs of CanL observed were generalized lymphadenomegaly ( = 8), splenomegaly ( = 7), asthenia ( = 3), muscular atrophy ( = 3), conjunctivitis ( = 6), and skin lesions such as erythema ( = 5), alopecia ( = 6), exfoliative dermatitis ( = 7), generalized dermatitis ( = 3), hyperkeratosis of the nose ( = 6) and of the footpads ( = 8), and onychogryphosis ( = 5). The mean (±SD) clinical score at T1 was 16.5 ± 7.6 out of a maximum of 52. Dogs 2, 3, and 7 showed more severe skin lesions increasing their individual scores (to 28, 21, and 25, resp.). Most prominent abnormalities were observed at T1 including anemia (defined as reduced RBCC, hemoglobinemia, and hematocrit) ( = 7) and thrombocytopenia ( = 4).
At T1, all the dogs featured hyperproteinemia (range: 8.5-12 g/dL) and a reduced A/G ratio (range: 0.19-0.55), due to hypoalbuminemia and hypergammaglobulinemia. Other biochemical variables indicating kidney (urea and creatinine) and liver (ALT and ALP) function were normal in most of the dogs. Mild proteinuria was only detected in Dogs 1 and 3 (UPC = 0.97 and 0.66, resp.). At this time point, IFAT antibody titers were 1/600 to 1/6400. 
Treatment Efficacy
Clinical Efficacy.
The clinical response to treatment varied in each animal as shown in Table 3 . After the first FPA dose, clinical scores in 7 animals increased owing to asthenia, polidypsia, and weight loss. After completing the full course of FPA treatment, the greatest clinical improvement was recorded in Dog 8, lymphadenomegaly and splenomegaly being the only clinical signs at PT6. Dogs 1, 3, and 5 showed no clinical response to treatment and skin lesions, such as alopecia, dermatitis, and generalized hyperkeratosis, even worsened, as did muscular atrophy and lymphadenomegaly.
Over the time period T1 to PT6, the mean percentage reduction in clinical score was 3.55 ± 60.91%, Dogs 7 and 8 showing the greatest percentage score reductions (65.22 and 61.54%, resp.). In contrast, Dog 5 displayed a clearly worsening clinical picture reflected by a negative percentage score reduction. No significant changes in scores were observed throughout the posttreatment period when compared with scores obtained on Day T1.
Over the 6-month course of follow-up, bodyweights increased though not significantly with the exception of Dogs 3 and 5 that gradually lost weight. Clinical score and bodyweight were negatively correlated at PT1 ( = 0.016 and = −0.8) such that animals losing weight showed higher clinical scores.
Clinicopathological Abnormalities.
Of the seven animals with anemia on Day T1, three had a hematocrit < 30%. After treatment follow-up, seven dogs remained anemic, and in five of these (Dogs 1, 4, 5, 6 and 7) the hematocrit was <30% (mean = 29.03% ± 5.19), the reduction between PT3 and PT6 being significant ( = 0.0047).
Leukocyte levels remained stable during the study and only Dogs 4, 5, and 6 showed mild leukopenia on day PT6 (the lowest leukocyte count 2800 × 10 3 / L in Dog 4). At the end of the study, five animals showed thrombocytopenia (the lowest platelet count 26 × 10 3 / L in Dog 4), and only in Dog 8 did this variable return to normal after treatment.
Mean serum concentrations of urea, creatinine, ALT, and ALP did not significantly change during the study, nor were any significant differences recorded in ion levels (K + , Na + , and Cl − ). At PT6, the number of dogs still with hyperproteinemia after the monitoring period was only slightly reduced, and only in Dogs 3 and 5 were physiological levels of serum proteins recovered. At the end of the study, all treated dogs still showed severe dysproteinemia: an A/G ratio < 0.3 was recorded in seven animals. In Dog 8, this ratio increased to 0.61.
Despite no significant differences detected in the UPC during the study, in response to treatment, five animals (1, 4, 5, 6, and 7) changed from a nonproteinuric stage to a proteinuric or borderline proteinuric stage, with results ranging from 0.51 (Dog 5 at PT6) to 3.17 (Dog 1 at PT3) . In parallel, some dogs (3, 5, 6, and 8) experienced a slight reduction in urine specific gravity.
No clinicopathological alterations were detected after one day and one week of treatment administration in the two healthy control dogs.
Serological Follow-Up.
IFAT anti-L. infantum antibody titers for the 8 animals determined at the nine time points are provided in Figure 1 . In all cases, titers were significantly lower at PT6 compared to T1. Six animals showed a steady decrease in antibody levels: in three of these a twofold reduction was observed at PT6, and in Dog 8 a fivefold decrease was detected reaching the cut-off of 1/100. By the end of the study, negative correlation was observed between antibody titer and bodyweight ( = 0.006 and = −0.898). However, no significant correlation was found between IFAT titer and clinical score.
Parasitological Follow-Up (1) Microscopy and Specific Bone Marrow Culture in NNN.
By the end of the study, only Dog 8 scored negative for both bone marrow aspirate cytology and culture (Table 3) . Although Leishmania amastigotes were not detected in some animals at some points during the posttreatment period, five out of seven dogs tested at 6 months posttreatment (PT6) returned positive bone marrow aspirate smears and cultures. Positive cytology results correlated positively with culture results both before and after treatment administration ( < 0.0001 and = 1).
(2) Molecular Procedures. After the six-month follow-up period, all animals remained Leishmania-positive according to some of the samples analyzed by rtQ-PCR. High variation in parasite loads was observed among individuals, both before and after treatment with FPA. This study revealed bone marrow was the tissue varying the most in terms of parasite numbers among the eight dogs and loads ranged from 8.8 × 10 −2 (Dog 8) to 1.272 × 10 6 parasites/mL (Dog 4) at the end of treatment (PT6). Figure 2 shows the changes produced in mean parasite loads in the different samples tested before and six months after treatment. The bar chart shows a significant drop ( = 0.03) in the parasite burden of the blood at the expense of a marked increase in the bone marrow load.
The lowest intensity of infection and the lowest IFAT titers in all samples were recorded in Dog 8. This animal also showed the best clinical response to treatment and was PCRnegative in urine and blood during the entire study period. The remaining animals showed significantly reduced ( = 0.03) blood circulating parasite levels except for Dog 5, which returned a positive PCR result on day PT6 of 2.6 parasites/mL of blood.
Contrary to the trend observed in blood, at PT6, bone marrow burdens were still elevated. Despite the presence of rtQ-PCR amplified Leishmania kDNA in the urine of six animals (Dogs 1, 2, 3, 5, 6, and 7) at one year p.i., parasite loads in urine were significantly lower than in the other sample types. Urine parasite loads in Dog 7 before treatment ranged from 1.95 ± 3.16 parasites/mL to a maximum of 8.57 parasites/mL. On day PT6 the mean parasite burden fell to 0.3 ± 0.19 parasites/mL; animals 4 and 8 remained PCRnegative and Dog 6 became negative.
Safety Assessment.
At the time of the first dose of FPA given to the experimentally infected Beagles, several events (hypotension, diarrhea, abdominal pain, appetite and bodyweight loss, fever, and asthenia) more likely related to AmB administration were reported. Hypotension occurred from 15 min to 1 h after administration. Dogs 2, 4, 7, and 8 experienced these side effects more frequently after the first dose of FPA. No specific treatment for these episodes was needed and the follow-up of these animals progressed in conformity with the study protocol. Dog 8 did not tolerate the second treatment dose (T2), showing profuse diarrhea, weakness, severe hypotension, and fever (40.1 ∘ C). This animal required complementary treatment with ranitidine (Zantac: 1 mg/kg/12 hours) and a special diet for gastrointestinal problems (i/d Hills). Because of this reaction, this animal was not given a third dose.
After treatment, the clinical condition of Dog 1 worsened in terms of increased anemia, thrombocytopenia, proteinuria (UPC > 2), and A/G inversion, and at PT5 the animal was prostrated, weak, asthenic, and jaundiced. Blood tests revealed severe nonregenerative anemia, thrombocytopenia, neutrophilia, hypoalbuminemia, and hypergammaglobulinemia. For ethical reasons, this dog was euthanized after PT5. At necropsy, splenomegaly, hepatomegaly, bronchopneumonia, and pericarditis were observed. Histological findings identified the existence of visceral leishmaniosis (with hepatic and splenic lesions, including vacuolar degeneration of hepatocytes, Kuppfer cell hyperplasia with the intracytoplasmic presence of Leishmania amastigotes, hemosiderin accumulation in the splenic capsule, diffuse macrophage hyperplasia with Leishmania amastigote infection, and extramedullary splenic hematopoiesis), and severe fibrinous bronchopneumonia associated with Gram-negative infection. Immunohistochemistry indicated the presence of Leishmania spp. with strong labeling observed in the spleen. The death of this animal was attributed to a nonregenerative anemia, hepatitis, pericarditis, and a serious Gram-negative bacterial lung infection associated with visceral leishmaniosis and pneumonia.
No adverse events were observed in healthy dogs used as controls after the administration of a single FPA dose.
Discussion
The present clinical trial was designed to evaluate the efficacy and safety of a novel AmB formulation (FPA) for the treatment of experimental CanL.
FPA therapy failed to improve clinical status in the majority of infected dogs. What is more, 50% of animals showed worsening of clinical signs, especially skin lesions, by the end of the 6-month treatment period. Neither was parasitological cure produced in any of the dogs.
Despite a 100% success rate for active infection achieved in the eight Beagle dogs, the clinical course of infection and incubation stage varied considerably among the animals. This model reflects the wide clinical response to natural infection [52] described for canine models [53] [54] [55] [56] . For this reason, we opted for starting treatment one year after the initial challenge when persistent clinical signs could be detected in every animal.
The increase in clinical scores observed after the first FPA dose administration could be attributed to the fact that a higher dose is needed to reach an effective concentration or due to the side effects recorded in some animals after the first treatment. In response to treatment, clinical improvement was only observed in Dogs 2 and 8 although Dog 8 only received two doses of therapy because of a severe toxic reaction after the second dose. These results differ from those obtained by other authors who used a lipid AmB emulsion Advances in Pharmaceutics   9 for the treatment of CanL. With this emulsion of AmB several months after treatment all animals were clinically cured [17, 37, 38] , though two deaths were produced (out of 19) in the study by Lamothe [17] . Comparisons between studies are, however, hindered by the different dosing regimens and the fact that dogs were naturally infected with L. infantum. In addition, the qualitative scoring system used by others is not as accurate as the present system, which includes clinicopathological abnormalities and not only clinical signs.
The main drawbacks of using AmB to treat CanL are its intravenous administration route, its high cost, and its numerous side effects, particularly nephrotoxicity, since it aggravates the direct harmful effect of CanL on renal function [57] . The clinical efficacy and safety of FPA have been demonstrated in murine models [39, 46, 58] and in dogs [59] . In a study [39] in which once-weekly doses of 5 mg/kg FPA were given to mice over a 6-week period, compared with the conventional AmB formulation, high concentrations of AmB were detected in the liver and spleen, whereas levels in plasma and kidneys were lower. These results suggest that the organs of the mononuclear phagocyte system constitute a major pathway for the accumulation of FPA [39, 43] , making infected macrophages more accessible to AmB. In addition, polyaggregates act as an AmB release system from larger aggregates [59] . The results observed in this murine model prompt further investigation of this formulation in the canine model.
The administration of 5 mg/kg fortnightly, three times, would offset the fast clearance from the circulation by the mononuclear phagocyte system that occurs with only one dose of FPA, achieving higher effective concentration values.
In trials assessing the treatment of dogs with lipid emulsions of AmB, anorexia, vomiting, and fever were recorded as the most common side effects in 78-81% of animals, but these gradually resolved [17, 37, 60] . In our study, apart from fever and anorexia, most of the animals suffered (in decreasing order) from hypotension, diarrhea, bodyweight loss, asthenia, and abdominal pain. However, all were self-limiting and also described for AmB treatment in dogs. A single dose of FPA caused no adverse events in healthy Beagle dogs. Regarding the renal toxicity of AmB, some authors describe a transient increase in urea and/or creatinine levels [17, 18, 37, 60] . This was not observed here and levels remained within the normal range. However, five animals became proteinuric (with elevated UPC) after treatment. Proteinuria in these dogs may have been caused by glomerulopathy due to the pathogenic effect of CanL itself, enhancing the nephrotoxic effect of AmB, mainly due to renal vasoconstriction and a reduced glomerular filtration rate [33, 37] . Nevertheless, levels of FPA have been demonstrated to be lower in plasma and kidneys, in comparison with other formulations of AmB [39] . This highlights the need to monitor renal function before and during treatment with AmB, since persistent proteinuria is usually associated with a greater frequency of renal morbidity and mortality [61] . Hence, only CanL patients with minimal or no kidney involvement should receive intravenous FPA treatment.
Dysproteinemia due to hypoalbuminemia and hypergammaglobulinemia is a common finding in CanL [57] and was in fact observed in 100% of the present dogs at T1. FPA treatment failed to normalize these variables and this has also been observed in clinical trials on allopurinol, allopurinolmeglumine antimoniate [62] , or aminosidine [63] . In contrast, miltefosine [15, 64] and oleyl phosphocoline [25] were able to rescue these abnormalities.
The humoral response recorded here increased during p.i. follow-up, and antibody titers of 1/6400 were recorded in some animals. This value exceeds that observed in other canine models, though in most of these trials 1/640 was the established limit [53, 65, 66] . Dogs showing higher clinical scores also featured higher antibody levels of the parasite, as confirmed in natural CanL [67] [68] [69] . In response to treatment, IFAT-determined titers diminished in six out of eight animals, although a clear correlation with the clinical response was not detected. Some authors have reported clinical improvement in response to treatment with miltefosine, oleyl phosphocholine, or marbofloxacin in the absence of reduced antibody titers determined by IFAT [16, 25, 70] . In contrast, both clinical and serological improvements have been observed for the use of aminosidine [63] , enrofloxacin [23] , allopurinol [71] , miltefosine-allopurinol [15] , meglumine antimoniate [72] , or meglumine antimoniate-allopurinol [73] . However, most authors consider serology unrepresentative of the clinical progression of treated dogs, at least over a short period [22, 74, 75] , since in a minority of animals antibody titers remain high long after clinical signs have subsided [13, 76] . Only in Dog 8 did we observe significant correlation between the reduction in antibody levels from 1/3200 to the 1/100 cut-off and a 61.54% reduction in the clinical score at PT6. This general improvement could be attributed to treatment efficacy but could also reflect a good immune Th2 response and a low intensity of Leishmania infection in this animal, since no DNA was found in blood and urine throughout the study, and bone marrow showed a low parasite burden (less than one parasite/mL at T1, PT1 and PT6). Moreover, as mentioned earlier, this dog did not receive the complete course of treatment and was excluded.
Throughout the year of experimental infection follow-up, a larger number of positive culture results were observed than positive smears, indicating the higher sensitivity of this technique [77] . Overall, the presence of Leishmania was detected in the bone marrow of all animals before treatment. The sensitivity of microscopy examination of bone marrow smears is higher (60-75%) than that of lymph nodes (30-50%) [77, 78] , which are enlarged in experimentally infected dogs [79] . rtQ-PCR has a high sensitivity and specificity for the absolute quantification of Leishmania and serves to quantify very low levels of parasites in infected tissues even before seroconversion. This makes this technique useful for diagnosis and treatment monitoring [10, 50, 76] . In our study, the sensitivity of this technique was of 0.001 parasites per PCR reaction. Moreover, its 7-log linear dynamic range allows discrimination from 1 parasite/mL to more than 10 7 parasites/mL of sample [50] . Parasite burdens largely varied according to the animal and tissue (Table 3) , bone marrow samples showing the greatest numbers of parasites/mL, followed by blood, and urine. Indeed, it has been reported that bone marrow contains a larger number of copies of
